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The Ocean-Aerosol Science ACE Objectives 
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Q1. How do Aerosols and Clouds Influence 
Ocean Ecosystems & Biogeochemical Cycles? 

 	  The	  extent	  of	  anthropogenic	  ac0vi0es	  on	  CO2	  
exchange	  with	  the	  ocean	  and	  global	  C-‐cycle	  	  

 	  Effect	  anthropogenic	  deposi0on	  of	  nutrient/toxic	  
aerosols	  into	  the	  oceans	  	  

 	  Contribu0on	  to	  applica0ons	  and	  policy	  making	  



Marine organic aerosol & 
biogenic VOC emission 

[Source: Jickells et al., Science, 2005] 
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Q2. How do Ocean Biological & Photochemical 
Processes Affect the Atmosphere and Earth 

System?  

  Detect	  and	  quan0fy	  the	  imprint	  of	  oceanic	  biological	  
processes	  on	  the	  op0cal	  and	  radia0ve	  proper0es	  of	  the	  
overlying	  aerosols	  and	  clouds	  

 	  Integrated	  approach	  of	  satellite,	  modeling	  and	  field	  
campaigns	  will	  provide	  dis0nc0ve	  and	  unique	  pieces	  of	  
informa0on	  



[Source: Meskhidze & Nenes, Science, 2006] 
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[Source: wikipedia] 

Released particles serve as seeds for 
cloud droplets 

[Rinaldi et al., AMET, 2010] 
[O’Dowd et al., Nature, 2004] 
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  Simultaneous	  characteriza3on	  of	  ocean	  surface	  biology,	  and	  the	  
overlying	  aerosol/cloud	  fields	  -‐	  3mely	  contribu3on	  to	  the	  science	  

  Reduce	  uncertainty	  about	  climate	  forcing	  by	  iden3fying	  key	  processes	  
and	  feedbacks	  	  

  Provide	  unique	  space-‐based	  observa3ons	  to	  detect	  atmosphere/	  
ocean	  coupling	  and	  develop	  event-‐based	  and	  climatological	  data	  sets	  

  Provide	  the	  valuable	  informa3on	  to	  test	  assump3ons	  and	  hypothesis	  	  

  Evaluate	  the	  model	  biases	  and	  errors,	  iden3fy	  model	  weaknesses	  
and	  figure	  out	  methods	  to	  correct	  them	  	  
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ACE Science Traceability Matrix (STM) 

   STM provides a roadmap from science questions to sensor 
and mission requirements (i.e., from wishful thinking to 
concrete measurements) 

   STM elements: Category (e.g., Ocean-Aerosol Interaction), 
Focused Questions, Approach, Measurement Requirements, 
Instrument Requirements, Platform Requirements, & Other 
Needs 



1) Identify microphysical and optical 
properties of aerosols, partition natural and 
anthropogenic sources, and characterize 
spectral complex index of refraction and 
particle size distribution 

2) Characterize dust aerosols, their column 
mass, iron content and other trace elements, 
and their regional-to-global scale transport and 
flux from events to the annual cycle 

3) Conduct appropriate field observations to 
validate satellite retrievals of aerosols and 
ocean ecosystem features  

4) Use ACE space and field observations to 
constrain models to evaluate (1) aerosol 
chemical transformations and long range 
transport, (2) air-to-sea and sea-to-air 
exchange and (3) impacts on ocean biology 

5) Characterize aerosol chemical composition 
and transformation during transport (including 
influences of vertically distributed NO2, SO2, 
formaldehyde, glyoxal, IO, BrO) and partition 
gas-derived and mechanically-derived 
contributions to total aerosol column  

6) Monitor global phytoplankton biomass, 
pigments, taxonomic groups, productivity, 
Chl:C, and fluorescence; measure and 
distinguish ocean particle pools and colored 
dissolved organic material; quantify aerosol-
relevant surface ocean photobiological and 
photobiochemical processes 

7) Relate changes in ocean biology/emissions 
to aerosol deposition patterns and events 

8) Demonstrate influences of ocean taxonomy, 
physiological stress, and photochemistry on 
cloud/aerosol properties, including organic  
aerosol transfer 

                                     Measurement                             Instrument        Platform            Other 
Category    Focused Questions                         Approach                                                      Requirements                          Requirements     Requir’ts           Needs 

Ocean- 
Aerosol 
Inter- 
action 

What is the flux of 
aerosols to the ocean and 
their temporal and spatial 
distribution 

What are the physical and 
chemical characteristics, 
sources, and strengths of 
aerosols deposited into 
the oceans? 

How are the physical and 
chemical characteristics 
of deposited aerosols 
transformed in the 
atmosphere?  

What is the spatial and 
temporal distribution of 
aerosols and gases 
emitted from the ocean 
and how are these fluxes 
regulated by ocean 
ecosystems? (Links to 
Ocean Ecology Question 
4) 

What are the feedbacks 
between ocean emissions 
and the microphysical 
and radiative properties 
of the overlying aerosols 
and clouds?  How are 
these feedbacks 
changing?  
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Spectrometer 
•  requirements as 
stated in ocean 
STM 

Polarimeter 
•   requirements 
as stated in 
aerosol STM 

Lidar 
•  requirements as 
in ocean STM 

Duel frequency 
Doppler radar 
•  requirements as 
stated in cloud 
STM 

Orbit 
permitting 2-
day global 
coverage for 
passive 
radiometer & 
polarimeter 
measurements 

Sun-
synchronous 
orbit with 
crossing time 
between 10:30 
a.m. & 1:30 
p.m. 

Storage and 
download of 
full spectral and 
spatial data 

Monthly lunar 
calibration at 7o 
phase angle 
through Earth 
observing port 

Additional 
platform 
requirements 
for polarimeter, 
lidar and radar 
as detailed in 
Ocean, Aerosol, 
and Cloud 
STMs 

Supporting 
Global data 

•  Humidity 
profiles 
•  Precipitation 
•  Formaldehyde 
•  Glyoxal 
•  IO 
•  BrO 
•  NO2  
•  SO2 

Other Data 

• Ground-based 
aerosol 
observational 
network 

Modeling 
•  Conduct model tracer studies to determine sources, composition, and 
chemical attributes of aerosols 
•  Model height distribution of NO2 & SO2 and dust chemistry 
•  Use satellite data to constrain model aerosol source strengths 
•  Model air-sea exchange rates and temporal variability, including 
sources of aerosols to atmosphere 
•  Run coupled ocean biogeochemistry model to assess impacts and 
compare to observed response of ocean ecosystems  
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Satellite 
•  Radiances & polarization at selected UV, visible 
and SWIR bands for aerosol types (dust, smoke, 
etc.), complex index of refraction, effective 
height, optical thickness, and size distribution 
with 2-day global coverage to resolve temporal 
evolution of plumes 
•  Active (lidar) measurements of aerosol 
properties along orbit track to refine height 
distribution and composition 
•  Drizzle detection and precipitation rates 
coincident with lidar & polarimeter data 
•  Global phytoplankton pigment absorption, 
dissolved organics absorption, total & 
phytoplankton carbon concentration, ocean 
particle size distribution, phytoplankton 
fluorescence, Chl:C, and growth rate 
•  Particle scattering & vertical distribution 
through active (lidar) subsurface returns 

Supporting Field & Laboratory Measurements  
•  Dust chemical properties/solubility/ chemical transformation 
•  Aerosol optical properties, heights, chemical composition, and 
partitioning of gas-derived and mechanically-derived contributions to 
total column load 
•  DMS flux and dissolved concentration and precursors  
•  Atmospheric boundary layer trace gases, NO2 / SO2 height distribution 
•  Diffuse irradiance and in-water optics 
•  Surface layer plankton species, phytoplankton carbon, fluorescence 
•  Observational network representative of global range in properties 
•  Process/mechanism oriented field and laboratory studies 
•  Sustain time series field measurements of key properties over active 
lifetime of mission 
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5 Aerosol flux to ocean 

Deposited aerosol physical 
& chemical properties 

Aerosol transformation in 
the atmosphere 

Ocean aerosol emissions & 
links to ecosystem structure 

Feedbacks between ocean 
emissions & atmospheric 
radiative properties 

Sources, microphysical & optical 
properties 
Dust, column mass and elemental 
composition 
Satellite validations 
Constrain models 

Ocean biology-aerosol interaction 

Aerosol chemical composition: 
primary and secondary 

Global phytoplankton biomass, 
taxonomic groups, CDOM & POC 

Ocean ecosystem-cloud 
interaction  


